Abstract. The structural dynamics of ice in the freezing -thawing process has been studied in the context of the concept of two-phase water. It was previously shown that water is a two-phase system consisting of free and bound (liquid crystal) fractions. Bound water is represented by hydrated shells of sodium chloride microcrystals, which are constantly present in water and are visible in the optical microscope as a dispersed phase. With rapid freezing, free water crystallizes, turning into ice with the inclusion of the dispersed phase. At this stage, xenogenic air bubbles are released. When ice melts, multiple small bubbles form from diffusely dissolved air. At the same time, the ice acquires a characteristic cellular structure. Bubbles grow, merge and form variegated air channels that contribute to the release of air into the melt water. The dispersed phase during the freezing of water under the conditions of our experiment did not show external signs of glaciation. However, when ice melted, a part of this fraction was kneaded from the main volume of water in the form of loose flakes. The loss of water of part of the microdispersed phase and most of the gases causes a change in a number of physical properties of the melt water. Possible involvement of the observed processes in the appearance of "snowballs" on the banks of rivers is discussed.
23], laser modulation-interference phase microscopy [24] , precise measurement of evaporation kinetics [25] and filtering through paper filters [26] . Thus, the structural heterogeneity of water under room conditions is an irrefutable fact, despite the fact that there is no consensus as to the nature of the microphase.
In our preliminary studies it was shown that water and aqueous solutions, when observed under an optical microscope under room conditions, are microdispersed systems. The dispersion medium is unstructured at the microscopic level, and the dispersed phase is represented by a set of hydrophilic microparticles surrounded by a thick hydration shell of liquid crystal water [27, 28] . In distilled water, such a structure-forming microparticle is sodium chloride microcrystal [29] .
The purpose of this work was to describe the dynamics of microstructural transformations of water during freezing -thawing under laboratory conditions, taking into account the dispersion of the medium under study.
Materials and methods
The work was performed under the natural conditions of the laboratory: T = 21-23°C, H ~ 67-70%. As the material of the study we used tap and distilled water, as well as ice formed during the hardening of these waters. Part of the ice samples were prepared from boiled water. Water was microscoped in a thin layer, between the slide and cover glass, before and after freezing in the chamber of the domestic cooler (T = -20°C). The thickness of the layer was about 18 μm. Other ice samples were prepared as follows. Water was poured into clean transparent-plastic Petri dishes with a layer of ~ 2-3 mm and placed in a freezer (T = -20° C) for at least 30 min (Fig. 1) . Fig. 1 . The object to be examined is ice in a Petri dish.
After the formation of ice, the sample was immediately transferred under a Levenhuk microscope with a Levenhuk C-1400 video camera interfaced with a computer using the ToupView program, which allows for photo and video recording. Slides and coverslips produced by ApexLab (Russia) with dimensions (25.4 x 72.2 mm x 1 mm) and (24 x 24 x 0.6 mm), respectively, Petri dishes d = 35 mm (polystyrene, sterile, MiniMed, Russia) were used in our work. Part of the water samples were frozen on a glass slide without a coverslip. Observations were carried out before the complete transition of ice into the liquid phase. The bottom of the Petri dish was also investigated after evaporation of the frozen -thawed water.
Results and discussion
The surface of the ice made from tap water was completely covered with icy air bubbles (Fig.  2a) . In a sample of ice made from boiled tap water, the number of such bubbles was much smaller (Fig. 2b) . The surface of ice from distilled water looked smooth and homogeneous, with rare inclusions of bubbles that were smaller in boiled water (Fig. 3, a, b) . In our case, the tap water contains more air impurities, because it was under the conditions of high pressure in the water supply system (4 atm) for a long time. Boiling led to a significant decrease in the concentration of "impurity" air in the water. According to the data of [1] , the total number of xenogenic air inclusions can reach 50% of the ice volume in natural fresh ice. That is, a large part of air bubbles contained in ice is a product of air capture by water as a result of disturbances at the boundary with the atmosphere and the evolution of gases from the bottom of reservoirs. This xenogenic air during rapid freezing is forced out at the interface and forms a layer of icy bubbles. As it melts, homogeneous ice acquires a cellular structure due to the release of bubbles of diffusely dissolved air (Fig. 4 ). The release of air is accompanied by compaction of the surrounding ice, and a recess is formed around each growing bubble. As air is released, these depressions in the thickness of the ice grow and merge, forming different-sized air passages (Fig. 5) . The process of melting the plates of homogeneous ice is accompanied by the release of air bubbles into liquid water (Fig. 6) . The solubility of air in water at a temperature of + 20°C and a pressure of 1 atm is 19 ml / l of water [30] , and at 0°C and the same pressure -29.18 ml / l of water [31] . That is, when water is cooled from room temperature to 0°C, the air solubility in it rises by more than 50%. However, with the formation of ice, some of the air is released. This is mainly xenogenic air, trapped in water from the outside. When ice melts, air bubbles are also released. But this is diffuse air dissolved in water. Bubbles originate in a layer of homogeneous ice, grow to form cavities in the ice, passing into channels, and, ultimately, enter the liquid phase of thawed water.
Due to the high light scattering ability of the ice surface, the dispersed phase of water is usually invisible. Figure 7 shows a fragment of a drop of distilled water with a volume of 1 ml frozen on the surface of a glass slide. In the inset on the left, the surface of the ice looks homogeneous. However, when the image fragment is enlarged 6 times, the structure becomes noticeable, namely, the accumulation of the dispersed phase immobilized in homogeneous ice. The structure of ice, the dynamic and morphological features of its melting depend on temperature conditions, freezing rate and volume limitation [32] . We examined a drop of water during a quick freeze in the open air. Now let's see how a thin layer of water freezes in conditions of limiting its volume from above and below with slide and coverslip. The layer thickness is ~ 18 µm (Fig. 8) . It can be seen that the appearance of the dispersed phase during the freezing of water in a thin layer bounded by glasses at the top and bottom practically did not change (Fig. 8) . At the same time, the spherulite during freezing is covered with amorphous ice formed from structureless (at a given level of scale) water. It is known that the heat of crystallization of bound water is greater than the heat of crystallization of free water [33] , that is, the dispersion medium should freeze earlier than the dispersed phase, which corresponds to our observations. When ice is thawed in a Petri dish, part of the dispersed phase is stirred in the form of aggregates or large flakes (Fig. 9) . Apparently, this process is associated with partial damage to the interfacial surfaces of the liquid crystal spheres during freezing and strengthening the adhesive contacts between them. Note that in the preparation of "melt water" at home, this fraction, along with other micronutrients, is likely to fall into the "pickle" and will be drained. We will do the same and see what remains in the melt water after draining the thawed portion of water (~ 50%) and evaporation of residues of the liquid phase. Three days after evaporation of water, wet drops of liquid could be observed on a dry bottom of a Petri dish (Fig. 10) . When the focal length inside each drop was changed, growing NaCl microcrystals were detected. This phenomenon was described by us earlier [29] . We have previously shown that in the liquid phase, the hydration shell of the central hydrophilic particle is similar to a viscous liquid, it does not evaporate at room temperature, but evaporates at a temperature of about 300°C [34] . This hydration shell undergoes erosion and collapses with increasing ionic strength (osmotic pressure) of the solution [27, 28] . These physical indicators increase, in particular, when free water evaporates.
Let us see what the microstructure of water looks like in a thin layer between the slide and the coverslip before and after the freeze-thaw procedure in a Petri dish (Fig. 11) . It is obvious that the nature of clustering of the dispersed phase has changed; the optical density of the sample has decreased. After freezing and thawing, the microstructure of the water looks friable. In accordance with our observations, the melt water is released from part of the dispersed phase which is kneaded in the form of flakes, and from the main mass of gases. This, in our opinion, causes changes a b a b in a number of physical properties of melt water, in particular, thermal conductivity [35] . It is interesting to compare the data we obtained with the results of the work [36] , in which during the melting of ice in the sample under study, absorption in the 270 nm band, specific to the exclusion zone (EZ), appeared and soon disappeared. The observations of the dynamics of ice melting allow us to put forward an idea about the unexplained "bottom ice" phenomenon. We speak about the occurrence of a large number of ice balls carried by the waves on the banks of unfrozen rivers sometimes in the winter (Fig. 12) .
Fig. 12.
Ice balls on the Ob' river [39] .
This question was thoroughly studied by the Russian scientist V.Ya. Altberg in the first half of the last century [37, 38] . In particular, it was shown that the formation of balls usually occurs at subzero air temperature, when the river does not have a solid ice cover. As a result, the water in the river is supercooled (not more than 0.1 ° C), and the conditions for the growth of crystalline nuclei inside the liquid are created. We could see that the freezing water displaces the air first in the form of bubbles. The bubbles immediately turn into icy spheres (hollow inside). These areas may well serve as a "seed" for fouling crystals and the formation of snow balls. The mechanism of such growth is possible, and is described for the round head of a cryosurgical instrument [40] .
Conclusion
The study showed that, in our experiment, the structureless water and the microdispersed phase during freezing and thawing behave in different ways. No pronounced signs of glaciation of the dispersed phase were observed under the conditions of our experiment, while the dispersion medium exhibited the known morphological properties of ordinary ice. In the process of thawing, part of the microdispersed phase formed loose flakes, "kneading" from the liquid phase, which may be the result of surface temperature damage of a part of the liquid crystal spheres. The release of gas bubbles during freezing and thawing of water occurs in two stages: 1) when ice forms, bubbles of xenogenic "trapped" air are released, and 2) when ice melts, bubbles of endogenous, diffusely dissolved air are released. The path of formation of air channels in the thickness of the ice was traced also. Observation of the nature and dynamics of the precipitate after evaporation of melt water confirmed our understanding of the physical nature of the microdispersed phase: these are microcrystals of salt -sodium chloride covered with a thick layer of hydrated liquid-crystal water. The loss of water of part of the microdispersed phase and most of the gases causes changes in a number of physical properties of the melt water. Based on the observations, it was assumed that the origin of the considered natural phenomenon is the appearance of ice balls on the banks of rivers the appearance We hope that our observations of the behavior of two-phase water during freezing and thawing will be useful for further glaciological studies.
